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It has been postulated that the increased
susceptibility to cutaneous staphylococcic and
monilial infection in diabetes mellitus may be
related to changed chemical composition of the
skin or the skin surface film, with the simplest
explanation being that skin with a higher glu-
cose content offers a better culture medium
than does normal skin (1). Pillsbury and
Sternberg (2) found that experimental pyogenic
infections were more severe in dogs on a high
carbohydrate intake. Kulchar and Aldcrson
(3) suggested that cutaneous water retention
accompanying increases in the skin glucose
may explain the susceptibility to infection of
the skin in diabetes. The effect of dehydration
in rabbits appeared to increase the resistance
of the skin to infection. The high glucose
concentration in diabetic sweat shown by Car-
rie and Koenig (4) and Usher (5) was thought
to promote the growth of organisms; however,
Lobita and Osterberg (6) found no increased
amounts of sugar in sweat of diabetics. Urbach
and Lentz (7, 5) reported cases in which
blood sugar values were normal, but fasting
skin sugar levels were abnormally high. They
related the high ratios of skin to blood glucose
levels to presence of skin infection in these pa-
tients. The number of their eases was few, and
the work has not been repeated.
The role of abnormal skin glucose concentra-
tion in cutaneous infection is not yet settled.
Newer analytical tecbnics and methods of
analyses allow more precise measurements of
some of these parameters (9, 10). The purpose
of this paper is to report the fasting glucose
content of whole skin specimens (dermis plus
epidermis) of the backs of diabetic patients.
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The average glucose content of the backs of
normal fasting persons was previously re-
ported (11). The average of repeat skin glucose
determinations from the backs of a number of
the same persons was identical six months to a
year later (12). The present paper compares
results and discusses the relationship of blood
glucose to skin glucose levels in fasting diabetic
patients, some of whom had infections. Some of
these patients were taking insulin and others
were not.
METHODS AND MATEEIAL5
These diabetic subjects were hospital in-patients
clinically diagnosed as diabetics before this study
and were under treatment with diet, tolubutamide
or insulin at time of testing. Seven additional nor-
mal subjects who had no personal or family
history of diabetes are included in this study be-
cause they had slightly abnormal intravenous
glucose tolerance disappearance rates. The blood
(excess) glucose disappearance rates, as deter-
mined by the rapid intravenous glucose tolerance
test (IV GTT) performed immediately after skin
sampling, were abnormal in each subject (normal
above 3.00%/mm.) (13). Antihyperglycemic agents
were withheld until after the tests were finished.
The skin sampling site was the back. The methods
and technies for taking the blood and skin samples
and determining the glucose content of the speci-
mens have been reported (10).
RESULTS
Table IA shows the fasting blood and skin
glucose values in 16 diabetic patients without
infection. The disappearance rate of the intra-
venous glucose tolerance test was under 1.68
per cent per minute in each. Ten of these pa-
tients required insulin for control of their dia-
betes. In these, the fasting blood glucose ranged
from 52 to 355 mg% with an average of 194
mg%. The fasting skin glucose ranged from 33
to 277 mgm/100 grams of skin (wet weight)
with an average of 138 mg%. The ratio of skin
glucose to blood glucose ranged from 59 to
93% with an average of 71%. Six patients
were not taking insulin, but were treated by
tolbutamide and diet or diet alone. In these,
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TABLE I
Subjects Sex Age (years) Disappearance rateIV GTT %/min
(excess)
Fasting blood
glucose mgm/lOO ccblood
Fasting skin
glucose mgm/100
gms skin wet wt.
Ratio skin/blood
'uco5eg
A. Diabetics without Infection
1. GO
2. Cs
3. ilL
4. JP
5. WR
6. CB
7. BH
8. EH
9. AV
10. MR
M
M
M
M
M
M
F
F
F
M
35
62
24
78
45
63
55
73
62
45
0.46
0.31
0.24
0.85
0.18
1.63
1.50
1.26
1.45
0.53
355
350
260
200
173
162
150
126
116
52
235
277
180
142
116
105
89
95
108
33
66
79
69
71
67
65
59
75
93
64
Range
Diabetics taking insulin, average
52-355
194
33—277
138
59—93
71
1. HO
2. BW
3. AP
4. JJ
5. LG
6. RS
M
F
M
M
M
M
42
75
70
66
45
27
1.50
1.37
0.99
1.68
0.80
1.40
161
132
114
101
82
81
119
83
74
77
53
56
74
63
65
76
65
69
Range
Diabetics not taking insulin, average
81—161
112
53—119
77
63—76
69
70Averaf!e of both groups without infection 163 115
B. Clinically Normal Subjects with Abnormal IV GTT
1. LW
2. DJ
3. RD
4. JK
5. LE
6. JF
7. SB
M
M
M
F
M
M
M
23
26
23
23
26
23
22
2.24
2.29
2.81
2.73
1.81
2.82
1.90
99
98
92
86
84
80
80
48
45
49
43
52
50
51
49
46
53
50
62
63
64
Range
Average
80—99
88
43—51
48
46—64
55
C. Normal Subjects with Normal IV GTT'
Normal subjects No. 24 range
Average of normal subjects S.D
73—94 31—56
84 6 46 6
42—65
55 6
the fasting blood glucose ranged from 81 to The ratio of skin glucose to blood glucose
161 mg% with an average of 112 mg%. The ranged from 63 to 76 with an average of 69%.
fasting skin glucose ranged from 53 to 119 Table TB shows a group of 7 clinically nor-
mgm/100 grams with an average of 77 mg%. mal, asymptomatic, and untreated subjects who
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TABLE II
Diabetics with Infection
Subjects Sex Age(years)
Disappearance
rate IV GTT
%/min
(excess)
Fasting blood
glucose
mgm/100
cc blood
Fasting skin
glucose
mgm/100gins, wet wt.
Ratio %
skin/blood
glucose
Type of infection present
1. HT
2. JC
3. HV
F
M
M
43
27
70
1.53
0.52
1.18
202
161
119
113
136
71
56
85
60
Cellulitis of foot
Furunculosis
Impetiginized eczema and
pyoderma
Diabetics with infection taking
insulin, average 161 107 67
1. RH
2. HA
3. ST
4. BR
5. ML
M
F
M
F
M
49
73
57
65
71
1.37
0.67
1.49
1.50
0.11
110
106
103
95
89
79
68
67
68
58
72
64
65
72
65
Moniliasis and intertrigo
Infected leg ulcer
Cellulitis and pyoderrna
Infected leg ulcer
Onychomycosis
Diabetics with infection not tak-
ing insulin, average 101 68 68
Average of both groups 123 83 67
1. EG
2. GJ
3. JR
F
F
F
56
53
45
1.51
0.61
0.97
177
162
73
101
159
73
57
98
100
Pyelonephritis
Pyelonephritis
FUO
TABLE III
Previous reports of skin sugars in. diabetics compared with present study
Investigators Number of patients
Fasting blood
glucose mgm/lOO
cc blood
Fasting skin
glucose nsgm/lOO
gms. wet wt.
Ratio % skin/blood
glucose
Trimble & Carey (1931)
Urbach & Lentz (1945)
Peterka & Fusaro (1965)
14
5*
7j
16*
81
226
133
127
163
123
114 (83—202)
65.5
82.8
115
83
62 6%
49.6
65.7
70
67
* Diabetics without cutaneous lesions.
f Diabetics with cutaneous lesions.
had reduced glucose disappearance rates (be-
low 3.0% per mm.). In these subjects the fast-
ing blood and skin glucose results were similar
to those of normal subjects (11) (Table IC).
Table II shows the fasting blood and skin
glucose values of a group of diabetic patients
with cutaneous and or systemic infections. Ta-
ble III shows previous reports of skin and
blood glucose in diabetic patients for compari-
son with our results.
COMMENTS
In diabetes mellitus the fasting blood glucose
tends to reflect the disease of the patient. The
skin glucose content generally paralleled the
blood sugar, being high when blood sugar was
high, and lower when blood sugar was lower.
Trimble and Carey noted the relationship of
fasting skin sugar to fasting blood sugar in dia-
betics when they obtained repeat blood and
skin specimens in two patients following several
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weeks of treatment (14). In each instance the
blood sugar level was reduced by treatment,
and the sugar content of the skin was decreased
as well.
In most of our cases the concentration of
glucose in the skin of fasting diabetics is ap-
proximately 2/3 that of the blood (Table IA
and II). The ratio of skin to blood glucose in
diabetics without infection was statistically
higher (P < 0.01) than the ratio in normal
subjects (55%) (11) . In certain instances the
skin glucose content equaled or nearly equaled
that of the fasting blood glucose (Subject G.J.
and JR., Table II).
In his study of carbohydrate metabolism in
the skin, Urbach (8) found the ratio of fasting
skin to blood sugar considerably higher in dia-
betics with cutaneous lesions than in those
without manifestations of skin infection. (See
Table III.) We did not. The eight diabetic
patients with cutaneous infection did not uni-
formly show abnormally high skin to blood
glucose ratios. (Table II). A high skin to blood
glucose ratio (e.g., as high as 93%—Subject AV
Table IA) may occur in the absence of infec-
tion, and a low ratio (60% for Subject HV
Table II) may be present in the presence of
pyoderma and impetigenized eczema. These
findings compared to previous reports (Table
III) indicate that the study of the glucose con-
tent of the skin of fasting diabetic subjects has
not produced conclusive results. An investiga-
tion of glucose disappearance from the extra-
cellular compartment of the skin by means of
the cutaneous glucose tolerance test may be
more helpful because it measures glucose
kinetics rather than the static fasting state
(10).
SUMMARY
Enzymatic analyses of the skin and blood
glucose content of fasting diabetic patients
without signs of any infection show that:
1. The fasting skin glucose level reflects the
blood glucose level which in turn depends upon
diabetic control.
2. The ratio of skin to blood glucose is
slightly higher in diabetics taking insulin
(71%) than in diabetics controlled with tel-
butamide or diet alone (69%) and both are
statistically higher than in normal persons
(55%) (P < 0.01).
Comparison of diabetics with cutaneous in-
fection and diabetics without cutaneous infec-
tion show that:
1. The presence of cutaneous infection in
diabetics does not consistently correlate with
higher ratios of skin to blood glucose as meas-
ured by the technics used in this study.
2. In certain instances the skin glucose may
equal the blood glucose concentration (i.e.
skin: mg/100 gm (w.w.)/blood: mg/100 cc
(vol.).
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